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Abstract 

Objectives —To Investigate the validity of 
outdoor concentrations of particulate 
mutter <10 fun diameter (PM,,) as a 
measure of exposure in time series stud¬ 
ies, and to study the extent to which 
differences between personal and outdoor 
PM„ concentrations can he explained, 
Methods—Four to eight repeated meas¬ 
urements of personal and outdoor PM,, 
concentrations were conducted for 4$ 
children, aged 10-12 years, from four 
schools in Wagcningen and Amsterdam, 
Tlie Netherlands. Repeated PM,, meas¬ 
urements in the classrooms were con¬ 
ducted in three of the schools. Averaging 
time was 24 hours for the personal and 
outdoor measurements, and eight hours 
(daytime) and 24 hours for the classroom 
measurements. For each child separately, 
personal exposures were related to out¬ 
door concentrations in a regression analy¬ 
sis- The distribution of the individual 
correlation and regression coefficients 
was investigated. Information about fac¬ 
tors that might influence personal expo¬ 
sures was obtained by questionnaire- 
ilcWh—Median Pearson’s correlations 
between personal and outdoor concentra¬ 
tions were 0.63 for children with parents 
who did not smoke and 0o9 for children 
with parents who smoked. For children 
with parents who did not smoke, excluding 

JnjO •■•111, Sn^Veuil Iw ou •» 
tokflCdri cm/ilra tm|kwAit*4 fKh rAwpp, 

Ian on to a median J? of 0.73. The mean 
personal PM„ concentration was 105 fig/ 
m J ; on average 67 pghti’ higher than the 
corresponding outdoor concentrations. 
The main part of this difference could be 
_ll *—i »- — r ~— — ere »_ k. 0 L 

PM^ utmacuU dliuiin lit ilit. x-Iupm *>sj-axxa ? 

ami Tr» (mrinnr) phydrfll ncriviry. 
Conclusions —The results show a reason¬ 
ably high correluoun betwvwa rtptatfld 

personal and outdoor PM„ measurements 

nvlaliiil WliUUicil) ^lUvltUuj yuj/j/vt fc IVt div 

use of fixed site massnramenK as a meas- 
nnt of exposure to PM,, in epidemioloaical 
time series studies. The large differences 
between personal and outdoor PM„ con¬ 
centrations probably result from a child’s 
proximity to particle generating sources 

«knel portielao fcy papdonfal 

activities. 

(Ottyp ilTOIT(jn 


Keywords: outdoor; r me series; children; ; 

rooTD>; | 

i 

Several recent studies h ive documented as so- 1 
eiations between the da) to day variation of air 
pollution by particula c reader and acute t 
health effects on eliildrcn, including increased 
respiratory symptoms and decreased lung 
function.' 1 In these so.dies, exposure assess¬ 
ment was based on lixei I sire measurements in 
ambient air. Measurem :nts of personal expo- ' 
sure arc considered to hr a more accurate esh- ^ 
mate of the subject’s tru : exposure." Children 's < 
personal exposures to pa, tides have rarely 
been studied. Studies among adults suggest 
that outdoor concentrations of particle mass 
correlate poorly with [ ersona) exposures. If f 
the variation in outdoos concentrations of par- ; 

tieulatc matter is not tig htly linked to variation t 

in personal exposures, i ise of outdoor concen¬ 
trations as a surrogate or personal exposures 
would tend to misclassify personal exposures 
and cxposure-responsi relations could be 
attenuated-* However, n most personal expo- 
Mifc studies the cciiTch tioo between personal 
and outdoor concentrations w'as calculated 
ClUSS icuiuuiilly. ^cisuiu) vx^ojuic, data 
rnllecrcd from 2 gr\mp of subjects by measur¬ 
ing different subsets a f subjects on different 
days (different ambiert concentra lions) and 
measuring each subjeci once or only a limited 
number of times, Ncxi. one correlation corf- 
ficiem was calculated* -vith all measurements j 
frnm alt subjects and days. This correlation is 
influenced by the variation in personal expo¬ 
sure h^rwwri subjects. As ume series stuOJes 
relate day to day variati ms in outdoor concen¬ 
trations to day to day \ ariations of health end 
points, the correlation between personal and 
ambient concentration: within a person, over 
time, is more relevant than the variation 

d«iw««p paupi*. I >»• l >. ■ 

because factors rhai can cause variation 

between aubjvelx, xueh as exposure to cn-virott, 

mental tobacco smoke ETS), arc less variable 
tn time wlihin subject:, and Qicicfui c mainly 
cause variation between subjects. At present, 
only limned imormatsca is avauacuc aovui un. 
correlation within a subject between personal 

i —., outdoor — ro rir,n« of paniculate 

matter <10 pm dtamcf : (PM,,,) " 

To investigate the v ilidity of outdoor con¬ 
centrations as a measure of exposure to I’M,., in 
time series studies, w< conducted a personal 

ojtp oouro otudy in W'k Ich mi»3MiTC- 

mcnis of personal and uutdaorTM w were con¬ 
ducted to allow calcul uiyn of Lh«a correlation 

between outdoor and personal measurements 
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of PM| ( „ within subjects, u*ci time, This p&yci 
describes ibe relimun beivjccn personal- and 
outdopr. PM,., concentrations in a croup of 
10-12 year old children. 

Methods 

STUDY DESIGN 

Children aged 10-12 \rferfi recruited through 

schools‘ n» r o. in ing^ri^ u nnn_ir>i^i>crVia) 

*-^n rn ,»f «Kmii* T5 Art ixUt 

^msteroani) the capital ot me rsetherianas. 

All ^hiMjcu !ji i jug cla&& vveic ahked to 

pate by means of a presentation in their 

n OMaA«cr^^TIAA Af* 

the sampling equipment. The children received 
a written description and. informed consent 
futfii fiu dicii yaicnu- Out yf j7 uliildicn iu 

Wagcninecn 33 (58%) and out of 56 children 
in Amsterdam 15 (27%) participated. Of those 
48 children 45 successfully completed the 
study. 

tvdls »k Lav 

frnm 1 A T7ehm ievy rrt 1 O April 1 UOd i> vr >m crhtMtil 

in yPagenifigen) and fforr. 11 January to IS 
May 1905 (three schools). Seven to eight 

ij«wdaukuiikuka pv-i V.I 1 LLO ^lu. pldiuicU.. ItlLaj- 

uremenra of 2d hour averaged personal PM,„ 
values were conducted on weekdays only, 
spaced about one week apart. Samplers were 
distributed and collected at school, except for 
the first measurement when samplers were dis¬ 
tributed to the children’s homes to provide 
individual instruction to the children in the 
presence of a parent. Children were instructed 
to wear the sampler whenever possible. At 
night the sampler was placed near the bed. 
CatacDi J.- 0.1 ,„ measurements were 

at fixed sites. Classroom PM,, measurements 
were added to the study in 1995 (three 
schools). 

Information on general characteristics such 
as parental smoking W3s collected by question¬ 
naire. Also, parents were ashed to fill out a 
qiiarionailre-shea;' ejf.fi--day erf—pe.„,„.„1- 

sure to ETTSj, tim* spent in aevern! fnkrQ^fivj 
mnment!?, and cleaning and cooking activities 
cnnducTed hy or in The presence of the child 

A Ca*a WWaVh rl £ —. . — a...mn. 

rionnaires were collected from die children's 

Kornco and checked fee com-js ictencoj and 
•A«-a-,, .L_- - -- TT’T’O. 

assessed by the following questions: 

Iliid ujjL jJj >.* 11 -1..^ .vw.,) 

during the measurements? 

Has your child been in a room.* other than 

yuiu uv*u Living AUAJin, wLcit people >uiuk.cd? 

In 1995 a question cm physical activity was 

added To dw qucsuoimurc: 


I Ida yuui cLiild don». any activities during 

which he or she was ph; 'sically active? 

If v es. what kind of anivitias? 

Examples of activities were given to clarify 

this qucacion, 

SaWPUXG methods 

Personal measurements w«e conducted with a 

fw»r4nnal impflfTnr r?**«*- ikrH hjr Riii*lrlAy W /l/. 1 
• tastk ?S —*05 ^»o a| i»*i eiw f^lmnn 

Teflon filters and a row controlled oattcry 
operated pump (Cilliiu, model Gil-air 5) 
Details about the sampling method and quality 

iwon—c flri, — 3 c.-ii-'t. — r*» 11 

Outdoor PM,„ was measured. with the 
personal sampler ac a fired site. In Amarerdnm 
tltir site was located in i park in the city centre, 

about 150 m away fro n the nearest road; in 

Wageivingen foe equip-ncm w&s placed in a 
meadow on the outskirts of the town about 500 
m away from the neare ,t road. Both sites were 

■ inpaiwrl maHu, rnwerr- ir-rtnn <i»irlr. nr irrttie. 

trial *otlrces. Measures ent* were conducted at 
a height of 1.5 m. Co-1 nested operation of the 

>aiii^Jlvi «■ UlJ < ITdi vdia Jiu^dkiLii dull 

a Sierra Anderson simpler in Amsterdam 
showed highly correlaiid outdoor concentra¬ 
tions (R 0.91-0.95) and no significant differ¬ 
ences in concentratio is obtained with the 
different methods." 

In 1995, PM IP measurements in classrooms 
were conducted with a Harvard impactor 
(ADE, Harrison, Maine, USA).' 5 A flow 
controlled pump (ADI, model SP-280E) and 
Anderson 37 rom 2 pm pore sile Teflon fibers 

"kit Li^iwkJ. MujuiLiiivi Il» «V*-1 d kkli,Uui.Uti at a 

heighr of 1.5 m, away Erom the door and the 
blackboard. Two averse ing times were used: 24 
hour measurements at the same time as the 
personal measurements (1500-1500) and 
eight hour measurements when the children 
were at school (0800-1 500). 

T.!« ihc uienkuir- 

— ^<■* 9 . I»w » Xka.iairejj »* vlti 

^nd end of each 3tznj <ling period with cali¬ 
brated rotameters > and elapsed rime indicators 
were used rr» oalmlafr rht* sampled vnlnmn 
V"* *k-» + , »«1 

umes were assessed with calibrated dry gas 

m«tcra. Mcaburcmtnts That Lad lasted for Icos 

In 1994, filters were v'eighed on an analytical 
u.i—— ..j. - io rn ,—l.. 0 . i. 
balance was used to v eigh the personal and 
outdoor filters. Classro. >tn filters were weighed 
uu die KijalyuLal bal mcc. All filLci* i*cit 
weighed twice after equilibrating at 20°C and 

44% relative humidity : or 24 hour® in q 


Tabhs 2 Distribution of individual at*rveei of oersprtai and ambient PM... 


Aw*!#/ (pC'** 1 ) A nrtmnr (figim 1 ) f ifftrtntt (*£'***) 
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TtibU 2 PM,., concerunjxujns in eltxi&rooms (fjgim') 



JSrttstcrdsJni J99S. ItiiOoi 1 
fn^lSj 
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Mean 
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Mean 
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SD 
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dV'Ciaxu'K » Ji 

IJIU 

JO.9 
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oi».a 

to. • 

J r. l-i.fi / .v 

iJi i 
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»»*j. > 1 ■ it 

Averaging 24 h 
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io r> 

33! 1-1013 ? 
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1 3 9 
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T7.JM03 h 
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13-8 
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3 : o 

|d.4 
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JT u-ll? 1 
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ih.-i 

4V.7 149.1) 
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< i V 

-i 'i 40.3 
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**P<D.01; ««P<0.001, r rear mc*r\=<1 

fEirimiiied dnunom concenrrcuion OunnjZ xiDU-ichoot licun: eiumsied 1 0 tl=(U,* * U, ^ - C. ^ x l, -t. ^). 

^Difference herween A h awiragrtf pod 24 hour avenged con K«lf rations. 

5Diflfer<r\« hcr*een 8 h *miera£ed and outdoor cun centra lion*. 

^Difference >>en*cer 24 h averaged a fid Ould<X>l concentration*. 


CalOr. Mfcati field blank weight changes were 
subtracted I'rbm ail sample weights. Detection 
limits, defined as three times the SD in field 
blanks divided by the sampled volume, of per¬ 
sonal and outdoor measurements were 10.8 
ue/m’ in 1904 and 8.6 ua'm* in 1995. The 
detection limns of die ulassruuin measure¬ 
ments were 3.7 iigfm’ for liic 24 hour measure¬ 
ments and 11.1 jrg/m' for the eight hour 
average. All measurements were ubuve the 
derecrion limir. 

DATA ANALYSIS 

Correlation between personal and outdoor 
concentrations 

The correlation between personal and outdoor 
PM„ concentrations was assessed by means of 

individual tcr^'cMukni analysis, wiili die follow¬ 
ing model: 

w, •** P L X FAl 

lvhnmUwra.il 

where: 

i-child i and t-day t, 

The distribution of the individual regression 
results was investigated. Medians are presented 
because nor all regression results were nor- 

m^lly elictflbuiad for all moJel). TVse ^596 ccd- 

fidence intervals were calculated with a non- 
parsmetnc method published by Campbell 
and Gardner. 11 

All children were non-smokers. No selection 
on parental smoking was made. Children with 
parents who did not smoke could be exposed to 
ETS elsewhere or at home—for example, when 
a visitor smoked. Tire influence of exposure to 
ETS on the relation between personal and out¬ 
door concentrations was investigated by strati¬ 
fying far parental smoking and by excluding 
days that children with parents who did not 
smoke were exposed to ETS. 

The influence of tune spent outdoors on the 
relation between personal and outdoor PM.„ 
was assessed by adding an interaction term 
“much time spent outdoors x outdoor concen¬ 
tration - to the regression model. The variable 


“much time speni ouldoc rs” was assigned 1 for 
measurement days that a child had spent more 
time outdoors than the median amount of time 
spent outdoors and 0 for the other days. 

The influence of PM I0 exposure in the class¬ 
room on the relation b -rvvecn personal and 
outdoor PM,., was asses: cd by regressing tne 
personal exposures agai ;sr a time weighted 
concentration C,»: 

C, w =0^,™,., h x b h a- k x 18 h}/24 h 

where: 

- 8 h avenged concentration in 
the classroom: concentrations out¬ 

doors (24 hour average. 1); G h= number of 
hours spent at school. 

Regression analyses with the outdoor and 
classroom crmr.enmuin.ns as rwn separate inde¬ 
pendent variables was nc i conducted because 
one school’s daytime das room concentrations 
were highly correlated wh ti outdoor concentra¬ 
tions (R 0.91). 

For comparison purposes we calculated what 
the Correlation would ha\ c been if it had been 
calculated cross sectional y. In this analysis, we 
randomly selected otic tr casurcmciu per sub- 

jc<t and n«n calcuJarcd ti.w. <uon Mcdoafll cor 

relation between personal and outdoor concen¬ 
trations. This procedure was repeated 1000 
times and the mean of close 1000 correlation 
coefficients was calculatec to get a more reliable 
estimate of the cross seed trial correlation. 

Difjtrence between personal and ambient 
concentrations 

Tile questionnaire data v ere used to examine 
to what extent differences between personal 
and ambient concentre ions could be ex¬ 
plained by certain activities—such at exposure 
to ETS. The different: between personal 
exposures aud time weighted concentrations 
was used as the dependent variable in a 
regression analysis. The 1 AS (statistical analy¬ 
sis system) procedure “I‘ROC MIXED” was 
used to adiust regression results for corrcla- 


Tubte .1 rHsentn^tzon o/ individual u’jemgri a/pmemal and dMB Weighted PM,, concentmnnns (figfm'} 
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Figure l Distribution of imlwiducti ftflrs of%'s correlation 
coefficients betuxen personal and outdoor f on ccn (rations for 
children utiih parents yho f/i) did HPt fmpki (rt~2S) and 
(B) uiha intoMtd (n~2D). 


dons between repeated measurements. A 
random intercept model was used. Different 
questions on cleaning activities (dusting, 
vacuum cleaning, sweeping, and cleaning a 
pet’s cage) were combined into on« variable 
“cleaning activities”. Physical activities were 
divided into four categories: active indoors, 
pump nearby or carried; active outdoor, pump 
carried; active outdoors, pump nearby; active, 
pump elsewhere, which included activities 
during which the pump had not been at the 

«om* «it« ar th« C Wild. Aetiie* Iiadc>drn ; p\tmp 

nearby or earned was not divided into two 
variables because for all but five occasions that 
indoor physical activities were reported, sub¬ 
jects also reported not to having carried the 
pump. 


Results 

POPULATION 

Altogether 45 children, 21 boys and 24 girls, 
participated, 13 children lived in Amsterdam 
and 32 in Wageningen, and 20 children had a 
parent who smoked. Of those children 18 were 
exposed to ETS on all measurement days; cwo 
children had one day without exposure to ETS. 
On days of personal measurements, children 
spent on average 2-7 hours outdoors, 14.9 
hours at home, and 5,7 hours ar school. 


CONCENTRATIONS 

From the 45 participating children 334 per¬ 
sonal measurements were conducted, of which 
33 samples (9.9%) were lost, mostly due to 
pump failure," Table 1 shows the distributions 
of the individual means of personal and 
outdoor PM,,,, Personal exposures were on 
average 67 pg/nv‘ higher than outdoor concen¬ 
trations. The mean coefficients of variation 


IJ.2tu7S.S 97.1 75.9 CD 1 L-h.D 

0.40u-0.77 0.60 0-iSml.nn 

fl 50 to 0.80 0.39 0.36 10 0.60 


(CV) in personal a.id outdoor concentrations, 
and the difference between personal and 
outdoor concentxa:ions were 22,6%, 56.0%, 
and 37.6% respectively. Table 2 shows the 
results of the PM,, measurements in the class¬ 
rooms. In all schools, PM,, concentrations 
during school hours were much higher than 
during nun-school hours. Classroom concen¬ 
trations, for bath 2 i and eight hours, were sig¬ 
nificantly higher than outdoor concentrations. 
It was striking that in the school with the low¬ 
est classroom co icentraiions (Amsterdam, 
school 2), the Icwvst personal concentrations 
were also measured. Tabic 3 shows the 
distribution of the time weighted concentra¬ 
tions. Personal exposures were on average 43 
|tg/m’ higher than ti e time weighted concentra¬ 
tions. This will be discussed in mote detail 
later. 

correlation Bfc-nvt en personal and 

OUTDOOR CONCENT] ATIONS 
Table 4 and figure 1 show the results from the 
individual regressicn analyses for the relation 
between personal aid outdoor concentrations. 
Median Pearson’s ? was 0 63. Median R and 
slope were similar for children with parents 
who did not smokt and children with parents 
who smoked. The r ledian intercept was higher 
for children with pi rents who smoked. Adding 
information about l ime spent outdoors did not 
improve the correl: tioas: the median slope of 
the interaction tern much time spent outdoors 
x outdoor concentration was -0.02 and highly 
non-significant (P=3.82). No consistent differ¬ 
ences between Wagcningcn and Amsterdam 
were found, in rich a- correlations or in slopes. 
The mean range (maximum - minimum) in 
outdoor concentre inns on days of personal 
sampling was 63 fij/m' (SD 29; range 13-105 
Excluding c lildren with a range smaller 
than 25 pg/m ! (four children), resulted in 
exclusion of the two highest slopes (>2.5), but 
did not significant!; change the medians. 

Table 5 and figure 2 show the results from 
the regression analyses with the time weighted 
concentrations instead of the outdoor concen¬ 
trations. Because t letmirements in the class¬ 
rooms were not conducted in 1994, only 30 
children arc included in cable 5. For these 30 
children, median Pearson R increased from 
0.58 to 0.67 for ail children, from 0.61 to 0.70 
tor children with parents who did not smoke 
and from 0-47 ta Q. iO far children with parents 
who smoked. 

Tabic 6 and figure 3 show the results after 
excluding days rbai children with parents who 
did not smoke were exposed to ETS. Of the 25 
children included in table 4 10 were occasion¬ 
ally exposed to ET5 and therefore had different 
regression results n table 6 compared with 
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DrPKtRUNCR BETWEEN r^RSOKAL. AND AM&JENT 
CONCENTRATION* 

Personal exposures were on average 67 gg/m' 
higher than corresponding outdoor concentra¬ 
tion The main part of this difference could be 
attributed to exposure to ETS, high PM lo con- 
cemrations in the classrooms, and indoor 
physical activity. 

Children exposed to parental smoking had 
personal exposures that were about 40 jig/m 1 
higher than children with parents who did not 
smoke. This value is within the range of a 25 ro 
45 Mg/m' increase in concentrations in 
homes with smoker; that was recently sug¬ 
gested by Wallace. tr 

The PM ur Concentrations in classrooms were 
significantly higher than the corresponding 
outdoor concentrations. PM, (I measurements 
conducted in 11 other primary schools in The 
Netherlands have confirmed this finding. JA 
Indoor physical activity was a third important 
source of increased personal exposures- Both 
findings are probably a result of resuspension 
of panicles caused by the activity of the 
children. Thatcher and Layton'' studied the 
effect of reBUSpension by measuring different 
ranges of particle size before and after several 
resuspension activities. Five and 30 minutes of 
normal activity by four people end two minutes 
of continuous walking and sitting by one 
person resulted in a twofold to fourfold 
increase of particles in the 5-10 pm size range, 
In the PTEAM study, 1 ’ an estimated dirt Icvd 
in homes was significantly associated with 24 
hour averaged personal and indoor PM l0 
concentrations. Din and dust levels were 
estimated on 3 seven point scale (0 to 3 by 
halves) by two technicians. A 12-24 pgfai* 
increase in. PM, 0 concentrations per unit 
increase in the index was predicted. 

Excess personal exposures compared with 
indoor or outdoor concentrations have been 
found in most personal exposure studies. w 
Resuspension of coarse particles by personal 
activities and proximity to particle generating 
sources have been suggested as causes of this so 
called “personal cloud”, 10 This study shows 
chat for children both particle generating- 


sources (sir oking) and ^suspension are impor¬ 
tant factois, causing significant differences 
between personal and outdoor PM, 0 concen¬ 
trations. 
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Medical editors’ trial amnes ty 

As described in an editorial in ihe Smith Medical Journal' medical editors of nearly 100 intcrmrional medical 
journals ire taking action to try to ensure that the results of unpublished randomised controlled trials become 
available to be included in systematic reviews. This could have important benefits for patient care- 

Any reader who would like to take up this opportunity to register the results of a trial that did not get 
published can do so on a special unreporud trial registration form. Copies are available from the Occupational 
and Environmental Medicine editorial office. 

I do not expect that many Occupational and Environmental Medicine readers will n eed to take up this offer, given 
the nature of our field, but perhaps 1 will be proved wrong. 

ANNE COCKROFT 
Editor 
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